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The El-Barramiya-Dungash region in Egypt’s Central Eastern Desert, is very rich in minerals and
metals that has a significant part posting the economy of the country. This study integrates
aeromagnetic data with textural analysis of ALOS PALSAR data to map structural features of the
El-Barramiya-Dungash region. We apply some edge detecting techniques like the modified theta
map (MTM), tilt angle of the horizontal gradient (TAHG), horizontal gradient of the second tilt
derivative (HGSTDR), fast sigmoid detector (FS), enhanced horizontal gradient amplitude
(EHGA), and balanced gradient amplitude (BHG) to aeromagnetic data to identify the underlying
structures that are concealed beneath geological formations of the area. The findings show that all
methods are able to give high resolution results, but utilizing the TAHG, FS, EHGA and BHG can
avoid creating false edges. Four main tectonic trends including NNE-SSW, NE-SW, NW-SE, N-S
and E-W are identified by analyzing the lineaments obtained from filtered aeromagnetic maps
statistically. In addition, we also apply the Euler deconvolution (EUL) method to aeromagnetic
anomalies of the area, where the results show that most magnetic structures are located between
123 and 850 m under the surface. Textural analysis, employing techniques such as Second
Moment and Dissimilarity, effectively differentiated lithologies and delineated prominent struc-
tural trends, coinciding with aeromagnetic data findings. The findings also show that the deter-
mined lineaments according to Egypt’s tectonic structure, correlate to the Gulf of Aqaba, Najd
fault system, and Nubian trend (East African trend). These findings demonstrate the significant
potential of the applied techniques for enhancing geological understanding and guiding future
mineral exploration efforts.
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1. Introduction

Various types of rocks have various magnetic characteristics, which can cause local or regional anomalies (disturbances) in the
Earth’s magnetic field. Magnetic data is considered one of the most important sources of information that can be used in mapping
geological structures and lineaments, and exploration of mineral and water resources (Fjiga et al., 2019; Issa et al., 2021; Essa et al.,
2022; Obiora et al., 2022; Arafa-Hamed et al., 2023; Lghoul et al., 2023; Alrefaee and Soliman, 2023; Hussien, 2023; Toushmalani
etal., 2024; Embaby et al., 2024; El Saeed et al., 2024; Abdelwahed et al., 2024; Elhussein et al., 2024; Abubakar et al., 2024; Ghoneim
et al., 2024). There are several advantages of aeromagnetic survey, which include deep exploration depths, low cost, high efficiency,
and practicability in large-scale operations (Nabighian et al., 2005). For the purpose of the identification of geological structures,
several authors have employed magnetic and other geophysical methods (Ekinci et al., 2014, 2020; Saleh et al., 2018; Said, 1962;
Abdelazeem et al., 2019; Fu et al., 2020; Raju and Kumar, 2020; Zhdanov, 2021; Saada et al., 2021a, 2022, 2025; Gobashy et al., 2022;
Mohamed et al., 2022; b, c; Kassia et al., 2023; Abdelrady et al., 2023, 2024; Abdelrady et al., 2023a,b; Hamimi et al., 2023; Eldosouky
etal., 2022a, 2022b, 2024a, 2024b). Recently, there has been extensive use of aeromagnetic data in the search for mineral resources. It
has been demonstrated that aeromagnetic data is effective and capable of locating hydrothermal alteration sequences connected to
mineral deposits (Abdelkader, 2024; Badawi and et al., 2022; Shebl, 2021). Aeromagnetic information allows for the identification of
changed zones associated with porphyry minerals as well as the delineation of structural patterns that act as conduits for hydrothermal
alteration. The location of edges and the depths of magnetic rocks that create anomalies in the magnetic field have been defined using a
range of techniques (Saada, 2016; Sehsah et al., 2019; Sehsah and Eldosouky, 2020; Eldosouky and Saada, 2020; Abudeif et al., 2023;
Oliveira et al., 2023; Othman et al., 2024; Eldosouky et al., 2025). Numerous ways exist for extracting sources, as well as the majority
of them rely on the field’s vertical or horizontal derivatives (Jorge, 2023; Kamto, 2023; Pham and Prasad, 2023; Aprina, 2024; Pham
et al., 2025). The first filters, including the horizontal gradient (HG), total gradient (TG), tilt angle (TA), and theta (TM) offer useful
information on source locations but frequently are unable to clearly distinguish the edges (Grauch and Cordell, 1987; Roest et al.,
1992; Miller and Singh, 1994; Wijns et al., 2005). Many improved filters are designed for identifying the limits of potential sources
(Prasad et al., 2022; Pham, 2024a, 2024b). Ferreira et al. (2013) improved the edges by using TAHG. Chen et al. (2017) used MTM to
improve the resolution of the edges in the TM map. Nasuti et al. (2019) introduced HGSTDR to provide high-resolution edges. Oksum
etal. (2021) presented FS that uses the fast sigmoid and derivatives of the gradient amplitude to outline the edges. Pham et al. (2022a)
used the EHGA method to bring the sharp signals over the edges. Prasad et al. (2022) introduced BHG, which provides the edges with
the same amplitude in the output maps.

Remote sensing data, when integrated with aeromagnetic data, provides a powerful framework for delineating structural elements
that control hydrothermal alteration zones across diverse terrains (Abdelkader, 2024; Abo Khashaba, 2023; Araffa and et al., 2022;
Hegab, 2022; Shebl, 2023). Remote sensing excels in providing a synoptic overview of vast regions with many different applications
(Thao et al., 2023; Duong et al., 2024; Liem et al., 2025), facilitating the identification of major and regional structural trends through
judicious interpretation and the application of appropriate analytical techniques (Eldosouky et al., 2022¢c, 2024a; Alarifi et al., 2024).
Among these techniques, textural analysis emerges as a valuable tool for discerning structural features. Unlike spectral analysis, which
primarily focuses on spectral signatures, textural analysis examines tonal variations and spatial relationships between neighboring
pixels (Haralick, 1979; Shebl and et al., 2024). This approach unlocks a wealth of information, particularly regarding the inherent
structural characteristics of the image. This enhanced information extraction stems from the inherent binary nature of pixel attributes
within the textural analysis framework, where each pixel is characterized by its local variability and spatial context (Li, 2011).

The Central Eastern Desert’s El-Barramiya-Dungash region has been the subject of several geological, geochemical, ASTER data,
and geophysical research (e.g., Gad and Kusky, 2006; Salem et al., 2016; Saleh et al., 2018; Ghazala et al., 2021; Abdelrady, 2021;
Mohamed et al., 2022; Abdelrady et al., 2023a,b; Abdelrady et al., 2023a,b; Shebl, 2021). Prior magnetic studies in the area used
filtering techniques such as tilt derivative, first-order vertical gradients, gradient amplitude, peak detection, total gradient (or
analytical signal), and center for exploration targeting (CET), which also included textural analysis and circular feature transform
plugins (Saleh et al., 2018; Mohamed et al., 2022; Abdelrady et al., 2023a,b). However, recent studies pointed out that these methods
are less successful in describing the deep sources or cannot detect all the edges of magnetic sources (Eldosouky et al., 2022a, 2022b;
Pham et al., 2022b, 2023b; Abdelrady et al., 2024).

The goal of this study is to discover underlying geologic features in the El-Barramiya-Dungash area, which may be significant for
future mineral development by applying recent techniques to aeromagnetic anomalies and textural analysis to ALOSPALSAR data. To
pinpoint the source edges, we employ filterings such as the MTM, TAHG, HGSTDR, FS, EHGA and BHG. We also use the EUL method to
determine the depths of the underground structures in the area.

2. Geologic setting

Egypt’s Precambrian basement complex covers a large area of the nation’s overall geographical area. It is mostly seen along the Red
Sea in the Eastern Desert, with isolated examples in the Western Desert around Gebel Oweinat. The Neoproterozoic supercontinent
cycle that produced the Eastern Desert as a component of the ANS was bound by the dissolution of Rodinia and the formation of
Gondwana (Kroner and Stern, 2004). The Nubian Shield, which was a continuous portion of the Arabian Peninsula’s Arabian Shield
prior to the entrance of the Red Sea, is made up of the basement rocks of Egypt’s Eastern Desert. It is widely believed that the
Pan-African orogeny, which took place around 570 Ma, is what caused the Nubian Shield’s basement to become cratonized (El Gaby
et al., 1988). Neoproterozoic Pan-African thrusting, which is distinguished as migmatites, cleaved granites, and infrastructure gneisses
that form suprastructural units, was present during this orogeny and can be found in places like Hafaft, Barramiya, and Meatiq. Aside
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from that, the ANS is significant structurally and economically because it contains precious base metals such as gold, copper, zinc,
silver, sulfur, chromite, and nickel (Stern, 1994; Johnson et al., 2011). Gold deposits are associated with alteration zones in Egypt’s
central and southern Eastern Desert such as the El-Barramiya area and Dungash area (Salem et al., 2016; Saleh et al., 2018; Mohamed
etal., 2022; Abdelrady et al., 2023a,b). The central eastern desert of Egypt includes the Barramiya area, Dungash area, and other areas
(Fig. 1). The region under examination is situated in the middle eastern desert of Egypt, between longitudes 33° 33' 00" and 34° 05' 00"
E and latitudes 24° 49' 00" and 25° 16’ 00" N. It includes different rock units such as ophiolites, serpentinite, metagabbro to metadiorite,
basic, intermediate and acidic metavolcanics, metasediments, gabbroic rocks, calc-alkaline and alkaline rocks and sedimentary rocks.
Deformed gabbro-diorite sliced through the ophiolitic mélange and metasediments in the research area’s central regions. Furthermore,
several differently foliated intrusions of older granitoids pierce the ophiolitic rocks in the study area’s northwest. The primary foliation
of the mélange matrix is deeply penetrated by weathered, post-tectonic granite and granodiorite. According to Johnson et al. (2011),
the protolith age of these rock associations ranges from 810 to 720 Ma, reflecting Neoproterozoic period. Only the areas where the
steeply sloping NW-SE and E-W faults connect, which dip steeply, are home to younger granites. There is unconformity between the
sedimentary rocks that cover the research area’s westernmost region and basement rocks. The area contains many features which are
considered landmarks in the Eastern Desert such as the Barramiya gold mine, Dungash gold mine, Bir Dungash, Gebel Um Salatit, Gebel
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Fig. 1. Geologic map of the study area after CONOCO (1987). Inset showing a location map.
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Umm Salim, and Gebel El-Mueilha. The country rocks are made up primarily of ophiolitic mélange, the serpentinite blocks and clasts
that make up the mélange are allochthonous, fragmented, and jumbled together inside an actinolite and graphite schist matrix that has
undergone extensive deformation. The serpentinite in the Barramiya-Mueilha area is made up of cumulus ultramafic rocks that have
undergone greenschist facies metamorphosis (Ali-Bik et al., 2012; Abdelazeem et al., 2019; El-Ela et al., 1985). One of the Nubian
Shield’s biggest and most noticeable outcrops of serpentinites and talc-carbonate rocks is found in the Barramiya region. Serpentines,
talc-carbonates, and quartz-carbonate rocks (listvenite) are examples of ophiolitic units. The island arcs metavolcanic rocks in the
research region (Fig. 1) include metabasalt, basaltic meta-andesite, interbedded dacitic tuffs and agglomerate, with incidental car-
bonate pieces. Weakly deformed rocks called metagabbro-diorite complexes underlie a large region in Wadi Beizah. The study area’s
northernmost region, which is bordered by the ENE-WSW Barramiya-Um Salatit belt, is dominated by ENE-trending dikes. The
infrastructure/suprastructure contact in the Eastern Desert’s central region is a zone of significant strain that has been characterized as
a thrust, an extensional fault, and more (Ries et al., 1983; Sturchio et al., 1983; Fritz et al., 2002). The Dungash belt has undergone
several structural deformation episodes, producing folds and uplifts with NE-SW and NW-SE trending axes. These formed in the ul-
tramafics, producing parallel sheets with a NW-SE trend that dipped to the southwest and thrust over the metavolcanics (Salem et al.,
2016). The zone of mineralization stretches up to 1 km along strike and 400 m down dip, with quartz and quartz-carbonate veins
ranging in width from 10 ¢cm to 1 m in the Barramiya area. Within a strongly altered sequence of island-arc metavolcanic and met-
avolcaniclastic rocks and banded iron formation, the gold mineralization consists of a system of massive and sheared, milky
quartz-sulfide veins that trend north-west and are hosted by an N-trending Najd fault that contains sheared serpentinite in the Abu
Marawat area (Zoheir and Akawy, 2010).

3. Material and method
3.1. Material

Together with the aeromagnetic dataset, this study employed ALOS PALSAR (Advanced Land Observing Satellite Phased Array
Type L-band Synthetic Aperture Radar) data to delineate structural features within the study area. A 12.5-m resolution radar dataset
acquired in Fine Beam Single polarization (HH) mode was obtained from the Alaska Satellite Facility. ALOS PALSAR’s L-band SAR
offered all-weather, day-and-night data acquisition, enabling the generation of high-resolution digital elevation models (DEMs). This
dataset was selected over other remote sensing options due to its demonstrated effectiveness in detecting structural elements (Shebl
and Csamer, 2021), particularly in arid environments. L-band radar waves exhibit relatively greater penetration depth through thin
covers in arid environments compared to shorter wavelengths (Shebl and Csamer, 2021). This allows for the detection of near-surface
geologic interfaces and variations in subsurface material properties, enabling comparative analysis with aeromagnetic data to enhance
the understanding of geological conditions.

Geological formations in a variety of tectonic settings and geographic locations may be mapped using aeromagnetic surveys.
Recently, many aeromagnetic datasets covering different areas have been used in Egypt to map subsurface structures (Elkhateeb, 2021;
Saada et al., 2021b; Hamimi et al., 2023). This study’s aeromagnetic data came from the Egyptian Geological Survey. Making use of the
IGRF values for the year 2020 (i.e., total field = 42425 nT, inclination = 32.8°, and declination = 1.9°), The Earth’s magnetic field’s
regional impact was removed from the aeromagnetic data. The aeromagnetic dataset of the El-Barramiya-Dungash area was inter-
polated with a grid spacing of 100 m. The aeromagnetic map symbolizes the crust’s and the lithospheric mantle layers’ magnetic
reactions (Melouah, 2023). The edge enhancement techniques can be applied to this dataset to outline the shallow and deep structures
that control mineralization in the study region.

3.2. Textural analysis

This study employed Grey-Level Co-occurrence Matrices (GLCMs) — also known as grey-level spatial dependence matrices — for a
comprehensive textural analysis (Haralick, 1979; Li, 2011; Shebl and et al., 2024). GLCMs have demonstrated efficacy across diverse
datasets, including aeromagnetic and remote sensing data imagery (Ghosh, 2022; Shebl and et al., 2024), making them suitable for
lithological and structural mapping. Textural attributes are derived by quantifying spatial relationships between neighboring pixels. A
moving window of a specified size is applied to the image, assessing the digital values of all pixels within its confines. This approach
enables the evaluation of pixel pair relationships, with the level of detail determined by the window size and the spatial resolution of
the imagery. The window size, represented by the number of pixels (N) — for example, 81 pixels for a 9 x 9 window — influences the
granularity of the analysis. This second-order statistical analysis generates a suite of textural descriptors, including mean, variance,
dissimilarity, second moment, and correlation. This research, following an evaluation of various kernel sizes, employed a 15 x 15-pixel
kernel for optimal structural delineation.

3.3. Edge enhancement techniques

Numerous filtering processes should be used for aeromagnetic data to identify the lineaments and geological structures that aid in
depositing mineralizations across the El-Barramiya-Dungash area. To enhance the geological edges, we applied some filters, including
MTM, TAHG, HGSTDR, FS, EHGA and BHG to upward continue magnetic datasets of the area.
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3.3.1. TAHG
The TAHG method was introduced by Ferreira et al. (2013), which is given by:

HG

TAHG:atan%, e))
@@

where 26 "HWG and %€ are the gradients of the HG of the field F, which is determined by:

oF\*  (0F\?
HG= — — . 2
(&) (&) @
The TAHG transform range is between -1/2 and +n2, which is due to the properties of the arctangent. Since TAHG is a normalized

method, it can balance signals coming from both shallow and deep structures. TAHG provides maximum amplitudes over the source
boundaries, and it can avoid producing false information in the output maps, making it helpful to delineate the geological structures.

3.3.2. MTM
Although the edges defined using the TM technique (Wijns et al., 2005), which equalizes HG by TG, are balanced, these edges are
diffuse. Its improved approach (MTM) is described by, which uses high-order gradients of the field:

2 2

(&) (e)
(&) () /o)

where h is the sample step, and p is a number ranging from 0.05 to 5. The MTM uses minimum values to outline the edges. Since this
method uses second gradients, it is sensitive to noise. However, the MTM results have a very high resolution, providing clear edges for
geological bodies.

MTM = acos

(3)

3.3.3. HGSTDR
Nasuti et al. (2019) introduced HGSTDR to recognize the edge of anomalies. The method is given by:
0STDR\>  [0STDR)>
HGSTDR = \/( ) + ( ) , @
0x ay
where STDR is the second tilt derivative, and is defined as:
M x ‘)Z—f
STDR=atan ———— % (5)
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with g%” is the second vertical gradient of the field. The HGSTDR filter provides the highest values over the borders of anomalies. The
HGSTDR filter employs third vertical derivatives, which might lead to noisy results. The use of the HGSTDR filter brings the sharpest
signals over the edges compared to other filters, therefore, it is effective in mapping a wide range of geological features.

3.34. FS
The fast sigmoid detector (FS) was recently developed by Oksum et al. (2021). The filter produces a clear view of the source’s edges,
and is given by
R-1
1+I|R]’

FS= (6)

where
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L ——,ee @
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Maximum amplitudes of the FS filter are used to identify anomalous sources’ edges. Since the FS makes use of the ratio of de-
rivatives of HG, it can balance signals coming from both shallow and deep structures. In addition, the FS filter does not yield false
edges. For these reasons, the FS filter efficiently maps a broad variety of geological structures.
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3.3.5. EHGA
Pham et al. (2022a) suggested the EHGA filter based on GA’s derivatives to map the edges. The EHGA filter can be specified as
follows:

OHG

EHGA =% | asin| k = % = =—1|+1] |, (8)
() () (=)

where k is a positive constant selected by the interpreter (k > 2), and . is the real part. Due to the arcsine function’s characteristics,
EHGA ranges from —/2 to +x/2. It is a normalization of the vertical derivative of the HG; therefore, it can simultaneously identify both
shallow and deep structures. Maximum amplitudes in the EHGA map are used to identify the borders. The EHGA method permits better
detection of the geological edges, as well as better highlighting some structures that either are not depicted in the HG technique and
other techniques or not very well mapped.

3.3.6. BHG
The BHG filter is a different balancing method that also maps the edges of sources using maximum values. This approach is given by
(Prasad et al., 2022):

(k—1)%S — (k4 1) x

BHG = atan
(k—l)a%c—(k—i-l) X

The BHG filter can balance anomalies with different amplitudes, and generates maximum values over the source boundaries. Like
the TAHG, FS, and EHGA filters, the BHG filter not only avoids bringing false edges but also yields geological boundaries with greater
resolution than other techniques.

3.4. Upward continuation
The upward continuation approach helps to reduce or eliminate the impact of noisy and shallow sources to enhance the signal from

deeper bodies in the survey region. By computing data collected at elevations greater than those observed in the field, the magnetic
anomalies at various heights farther from the causal source are recovered (Jacobsen, 1987). Potential field conversion from a flat plane
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Fig. 2. (a) Spatial distribution of mean values derived from ALOS PALSAR data, effectively distinguishing sedimentary rocks in the west from
basement rocks (east), with a prominent ENE-trending orientation of ophiolitic rocks (brown). (b) Variance map highlighting major tectonic trends
(e.g., NW-SE and NE-SW) within the study area.
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to a higher plane is known as an upward continuation filter (Bohal et al., 2020). Enhancing large-scale features in the survey region can
be done by this filter. Some authors applied the edge detection filters to upward continued data to provide structural features more
clearly (e.g., McGrath et al., 1991a, b; Ferreira et al., 2013; Nasuti and Nasuti, 2018; Sehsah et al., 2019; Abd El Wahed et al., 2025).

3.5. EUL

EUL is a semi-automatic technique that is widely used as a tool for deciphering potential data (Reid et al., 1990; Pham et al., 2024).
It automatically determines the source location (xo,ys,20) using the 3D Euler’s equation (Reid et al., 1990):

oF oF oF
(x—xo)&-&-(y—yo)a—i-(,‘z—zo)a:N(B—F)7 (10)

where B is the regional value of the field, and N represents the structural index (SI), which has values between zero and three
depending on the shape of the source body. For example, N = 0 is used for detecting contacts, N = 1 for thin sheets like dike and sill, N
= 2 for line sources (pipelines), and N = 3 for spheres or compact bodies.

Although remote sensing data is effective for mapping surface structures, magnetic data offers insights into deeper geological
features. An integrated approach provides a powerful framework for delineating structural elements in the study area, yielding more
accurate and trustworthy results and contributing to structural understanding.

4. Results

Textural analysis was applied to the ALOS PALSAR data to highlight the main trends within the study area. Fig. 2a shows the spatial
distribution of mean values derived from ALOS PALSAR data. This map clearly separates the study area into two sectors: the eastern
part, characterized by rigid terrain (brown), and the western part (blue), which is mostly flat and represents sedimentary rocks. The
boundary between them is marked by a NW-trending unconformity surface, as depicted in Fig. 2a by the contrast between the two
colors. Nearly perpendicular to these NW-trending structural elements, several NE-SW-trending structural features are represented by
structurally controlled wadis. Furthermore, a clear manifestation of these NE-SW trends is observed in the lithological orientation
(ENE-WSW) of the ophiolitic rocks of Gabal Um Salim and Gabal Um Salatit, which are part of the well-known Baramiya-Mubarak
shear zone. This zone exhibits dextral displacement in the ENE-WSW direction, as stated by Shebl, 2023. Fig. 2b illustrates the variance
values, clearly depicting these tectonic trends. The higher variance values (brown) highlight deformed ophiolitic blocks primarily
trending NE-SW, and the mutation of lines (created from the contrast between low and moderate values) around these blocks further
confirm the orientation, while also highlighting transpressional and transtensional shear zones within the study area. Additionally,
close examination of these lines reveals the dominant trends and forms of the main lithologies within the study area, particularly
around Gabal Barramiya and Gabal Um Salatit. To the south of Gabal Um Salatit, a consecutive folding pattern is observed, which has
been documented through remote sensing and field observations in previous studies.

To better understand and emphasize these differences, more specific textural elements were utilized, including second moment and
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Fig. 3. Textural Analysis Maps. (a) Second Moment map, (b) Dissimilarity map, highlighting lithological variations and emphasizing structural
trends, including the ENE-trending ophiolite belt.
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dissimilarity as statistical measures that capture different aspects of the texture of the studied terrain, as displayed in Fig. 3. In Fig. 3a,
the low second moment and high dissimilarity of ophiolitic rocks reflect their highly heterogeneous and structurally complex nature,
distinguishing it from other lithologies. These findings enhance our understanding of textural variations in geological formations and
their implications for detailed structural analysis. The low second moment in ophiolitic serpentinite indicates a highly heterogeneous
texture resulting from serpentinization, which introduces mineralogical and structural variation. The mix of serpentine, magnetite and
talc creates a non-uniform pattern with high pixel intensity disorder, further amplified by veins, fractures, and tectonic shearing.
Similarly, the lower second moment in metavolcanics and mélange matrix also reflects their complex textural characteristics. In the
southwestern part of the study area, sedimentary rocks (e.g., the Tarif formation) exhibit higher second moment values due to their
uniform grain size, layered structure, and lower mineralogical contrast compared to igneous and metamorphic rocks. Their well-sorted
composition, minimal deformation, and compacted texture result in a more consistent pattern with less intensity variation, leading to
higher second moment values than those found in more heterogeneous and structurally complex rocks like serpentinite. In contrast,
igneous and metamorphic rocks in the eastern part of the study area display higher dissimilarity (Fig. 3b) than the sedimentary rocks in
the west, owing to their greater mineral diversity, structural deformation, and complex textures. Sharp mineral contrasts, fractures,
and foliation generate strong intensity variations, while sedimentary rocks show more uniform transitions. This underscores the dy-
namic geological processes and deformation-driven heterogeneity of the basement rocks.

To better highlight these deformations, correlation was applied to the study area, as it is useful for detecting linear elements, which
often align in specific directions. By analyzing the orientation and distribution of texture features, correlation helps identify patterns
that reveal linear geological structures (Fig. 4). A general overview of Fig. 4 indicates the highest correlation and orientations within
igneous and metamorphic rocks, compared to sedimentary rocks. A closer view is presented in Fig. 5 to emphasize the main structural
trends identified through the ALOS PALSAR data. For example, Fig. 5a clearly depicts NW-SE trending rocks. Fig. 5b illustrates
subhorizontal structures swinging along E-W trends, which is confirmed in the upper part of Fig. 5c. The latter also clearly shows NE-
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Fig. 5. Close-up views of the correlation map (Fig. 4) highlighting prominent structural trends: (a) NW-SE, (b) subhorizontal trending approxi-
mately E-W, (c) E-W and NE-SW, (d) subvertical N-S, and (e) cross-cutting NW and NE structures, consistent with aeromagnetic data interpretations.

trending rocks. Fig. 5d reveals an almost vertical N-S trend, along with NE-SW trends that intersect in a cross-cutting relationship. This
cross-cutting relationship is further depicted in Fig. 5e, where the trend is cut and displaced in a sinistral sense by a NE-trending fault.

In addition to remote sensing data, we also used magnetic data to map geological structures in the El-Barramiya-Dungash area. The
magnetic field of the area is examined prior to using the improved enhancement approaches. Fig. 6a shows the aeromagnetic map of
the area. The aeromagnetic dataset in the research area varies from —1180 to 2854 nT with an average value of 1524 nT. Fig. 6b depicts
the RTP aeromagnetic map calculated for the research region with an inclination of 32.8° and a declination of 1.9°. The NE-SW, NW-
SE, and N-S anomaly patterns predominate in the RTP data, which range from —951 to 3357 nT. The RTP’s magnetic signature displays
anomalies with a variety of amplitudes and wavelengths, signifying the various magnetic structures. The positive anomalies in the
research region are related to serpentinite rocks, ophiolitic basic metavolcanic rocks, gabbroic rocks, and metagabbro that have higher
content of Iron-minerals leading to high magnetic susceptibility. The negative magnetic anomalies are related to Wadi deposits and
other sedimentary rocks, metasediments, and felsic rocks including alkaline and Calk-alkaline rocks.

It is preferable to use a low pass filter to reduce the noise level before using approaches based on derivatives of aeromagnetic data
since genuine aeromagnetic data often contains noise. RTP aeromagnetic data may be subjected to an upward continuation filter to
address this problem. Here, we applied a 200 m upward continuation filter to the RTP aeromagnetic data of the region. The upward-
continued data is shown in Fig. 7a. Findings from applying the MTM, TAHG, FS, EHGA, HGSTDR, and BHG techniques to data in Fig. 7a
are shown in Fig. 8a—f, respectively. The magnetic boundaries identified using these approaches show a high correlation. By comparing
these maps, we can see that the TAHG, EHGA, FS, and BHG techniques provide similar results. However, the EHGA and FS create
sharper signals over the boundaries than TAHG. MTM and HGSTDR show the borders with very high resolution, but the edges are
connected, making it challenging to identify actual geological features.

To further decrease the noise impact, a 1000m upward continuation was applied to the RTP aeromagnetic data. Fig. 7b displays
upward-continued RTP aeromagnetic data. By comparing these maps, we can notice that the final data is smoother than the 200 m
upward continuous one, but the basic magnetic field structures are still there (Figs. 6b, 7a and 7b). The findings from applying the
TAHG, MTM, HGSTDR, FS, EHGA, and BHG techniques to 1000 m upward-continued RTP data in Fig. 7b are shown in Fig. 9a-f,
respectively. Again, the boundaries determined by the MTM and HGSTDR maps are connected, leading to wrong structural in-
terpretations. In addition, as reported by Eldosouky et al. (2022b) and Ai et al. (2024), the MTM and HGSTDR tend to produce false
edges. We can see that the EHGA, FS, and BHG are still the best maps to detect geological structures compared with other methods.

The RTP aeromagnetic data was subjected to additional analysis using the EUL method to more accurately describe the underlying
geological features and determine their depth. The result of the EUL technique is shown in Fig. 10. We can see that the majority of
subsurface structures have depths between 159 and 920 m, with an average depth of 382 m. These findings indicate that the NW-SE,
NE-SW, and E-W are major trends in the El-Barramiya-Dungash region.

5. Discussion

The textural analysis of the ALOS PALSAR data provides a detailed visualization of the multi-phase deformation history of the study
area, consistent with previous structural models (Shebl and et al., 2024; Shebl and Csamer, 2021; Zoheir, 2019). The NE-SW and
NW-SE trending structural features identified through variance and textural correlation directly correspond to the D1 and D2
deformation phases, respectively, as documented by Shebl and Csamer (2021) and Zoheir, 2019. The D1 phase, resulting from
NNW-SSE shortening, is responsible for the prominent NE-SW trends observed in deformed ophiolitic blocks and the dextral
Baramiya-Mubarak shear zone. Conversely, the D2 phase, caused by NNE-SSW shortening, manifests as the significant NW-SE trending
features that define the major lithological boundaries. The low second moment and high dissimilarity values observed in the ophiolitic
rocks and mélange matrix serve as a direct textural expression of the intense shearing and structural complexity associated with these
two main deformation events. Furthermore, the detailed analysis of textural correlation and orientation highlights the combined and
superimposed effects of these deformation phases. The sub-horizontal trends (ENE-WSW to WNW-ESE), which are a clear feature in the
study area, are a direct consequence of the collective influence of the D1 and D2 phases. The presence sub-vertical N-S trending
features, particularly where they cross-cut and displace older trends in a sinistral sense, perfectly aligns with the later D3 phase,
characterized by E-W oblique convergence (Zoheir, 2019). Thus, ALOS PALSAR textural analysis supports the multi-phase structural
framework and clearly maps complex structural features, especially when integrated with other data like aeromagnetic maps.

No individual technique stands out as the optimal tool for determining geological boundaries; an integrated approach consistently
yields superior correlation and evaluation, providing more precise information in the study area. The findings show that the MTM,
TAHG, HGSTDR, EHGA, FS, and BHG are capable of balancing anomalies with various amplitudes. This is because the foundation of
these techniques is the ratio of derivatives of the field. This balancing impact is helpful in the research region where the magnetic map
is characterized by high amplitude anomalies with the NE-SW, NW-SE, E-W, and N-S trends dominating the magnetic map. The results
from the MTM, TAHG, HGSTDR FS, EHGA, and BHG analyses, are highly correlated with one another. The lineament analysis is an
effective technique for providing information on the primary fracturing and faulting tendencies from which we may infer the prior
forces that may have affected the region. A crucial element of potential fieldwork that would enable us to quickly talk about subsurface
tectonic trend analysis. The lineaments are traced using the EHGA, FS, and BHG maps of 200 m and 1000 m upward-continued RTP
data are illustrated in Fig. 11 a and 11 b, and the lineaments of the 200 m upward continuation are superimposed on 1000 m upward
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Fig. 6. Aeromagnetic map (a) and RTP aeromagnetic map (b) of the study area.
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Fig. 7. (a) 200 m upward continued RTP data, (b) 1000 m upward continued RTP data.

continuation (Fig. 11e). Itis clear that the magnetic lineaments of the 200 m upward continued data and the 1000 m upward continued
data strongly correlate with one another and exhibit a substantial association. These figures show that the predicted magnetic
boundaries agree with MTM, HGSTDR and TAHG maps. The main tectonic trends affecting the research area as illustrated by rose
diagrams in Fig. 11c and d are NNE-SSW, NE-SW, NW-SE, N-S and E-W which seemed to be concordant with the primary trends being
tracked from the previous geological and geophysical studies (Salem et al., 2014; Salem et al., 2016; Saleh et al., 2018; Mohamed et al.,
2022; Abdelrady et al., 2023a,b). The results of aeromagnetic data align with remote sensing investigations using ALOS PALSAR data,
aiding in the resolution of the tectonic setting of the studied terrain.

The acquired findings demonstrate the value of the enhancement techniques for interpreting magnetic fields. The eastern desert’s
basement was divided by Greiling et al. (1994), into different structural zones based on their structural grain. These domains include
the NW-SE, E-W, and N-S domains. To analyze the trends revealed by the enhancement techniques, we begin with the NNE-SSW
orientation, as identified by Shukri and Lotfi (1955). This trend is marked by left-lateral strike-slip faults at the Barramiya mine
site, where the presence of horizontal slickensides provides clear evidence of fault movement. This structural trend is associated with
tectonic activity linked to the Gulf of Aqaba. The thrust faults that divide the ophiolitic rocks and island arc rock units trend NE-SW and
NEE-SWW and dip NW. Previous scholars such as Shukri and Lotfi (1955) and Abdel Khalek (1979) took this flaw into consideration.
The footwall is represented by the island arc, and the hanging wall by the ophiolitic rocks. The mylonitic foliation in the thrust zones is
quite robust. The NE-SW trend, based on Egypt’s tectonic framework, is associated with the Gulf of Aqaba. Moving on to the NW-SE
trend, which has the same trend of the Najd fault system’s sinistral shear zones. This trend is concordant with the previous work of
different researchers (Abdel Khalek, 1979). According to Abdel Khalek (1979), the NW-SE trend represents lateral strike-slip fault that
displaces the serpentinite range of Umm Salim and Umm Salatit. Additionally, there are two perpendicular lineation tendencies,
NE-SW and NW-SE, according to Abu El-Leil and Mussa (1984). The E-W faults in Egypt began in the late Pre-Cambrian and have been
occasionally active ever since, according to Klitzsch (1986) and Schandelmeier et al. (1987). Said (1962) referred to the N-S trend as
the “East African trend” and thought it to be the permanent direction of faulting and dike intrusion in Egypt. Early Quaternary and Late
Tertiary periods actively regenerated the N-S trend, which may have originated in the Precambrian. EL-Gaby et al. (1988)
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Fig. 10. The depth of the magnetic sources acquired using the EUL technique with structural index of 0.

hypothesized that the northern migration of Arabia at a greater pace than that of Africa brought about the reactivation of ancient faults
by pair shearing. This trend, according to Colemen (1992), is one of Egypt’s older tectonic tendencies and it is connected to the
Pan-African orogeny. According to Meshref (1990), Egypt’s basement rock has inherited examples of the Nubian trend.

Saleh et al. (2018) mapped the structural features of the Barramiya area using magnetic and gravity data, but their investigation
only provided a few lineaments in the Barramiya area. Mohamed et al. (2022) applied the first vertical derivative, HG, TG and TA
filters to magnetic data to map edges in the northern part of the study area. However, as reported by Oksum et al. (2021), Prasad et al.
(2022) and Eldosouky et al. (2022b, c), the HG and TG filters are dominated by shallow sources, while the first vertical derivative and
TA filters tend to generate false edges. For this reason, some lineaments detected by Mohamed et al. (2022) do not match the line-
aments extracted from our interpretation (Fig. 11) using the TAHG, EHGA, FS and BHG filters that can map all the edges without false
information. The structural map (Fig. 11e) established in this study is in agreement with lineaments outlined by Abdelrady et al. (2024)
using the THGED filter. However, their study only provided the lineaments for a small area located in the northern part of the
El-Barramiya-Dungash area. As may be seen in the structural map (Fig. 11e), a wide range of magnetic lineaments were found by using
the edge filters. However, many of these lineaments are not shown in the geology map (Fig. 1) and their existence can only be inferred
through magnetic interpretation. This outcome shows how beneficial the enhancement techniques TAHG, EHGA, FS and BHG are for
interpreting aeromagnetic data from the El-Barramiya-Dungash area. In addition, the lineaments obtained from this study can be
helpful for further studies on groundwater potential since they serve as channels or conduits for the accumulation and movement of
groundwater (Ishola et al., 2023).

6. Conclusion

In the current study, recent techniques including TAHG, MTM, FS, HGSTDR, EHGA, BHG and EUL have been employed to interpret
the upward continued aeromagnetic data of the El-Barramiya-Dungash region. The determined edges in the FS, EHGA and BHG maps
are more obvious compared to edges found using other approaches. New information about the magnetic structures in the El-
Barramiya-Dungash area is also revealed. The depth of these structures ranges between 159 m and 920 m. The results seem to be a
nice tool to distinguish the terranes in the area of research. The outcomes indicate that there are a few patterns in the data, with the
NNE-SSW, NW-SE, NE-SW, N-S and E-W tendencies predominating and significantly affecting the region’s structural framework. These
structures govern and regulate mineralization in the research region. The results from applying the enhancement filters to the aero-
magnetic data of the El-Barramiya-Dungash area correspond with the major geological features in the region. Furthermore, textural
analysis of ALOS PALSAR data provided valuable insights into the region’s structural fabric. The analysis effectively differentiated
lithological units, highlighting prominent structural trends, including the ENE-trending ophiolite belt. In addition, the analysis
effectively delineated potential lineaments, including NW-SE, subhorizontal E-W, NE-SW, N-S, and cross-cutting NW-NE structures.
These findings, consistent with aeromagnetic data interpretations, provide crucial information on the orientation of major structural
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Fig. 11. (a) Magnetic lineaments extracted from 200 m upward-continued RTP data, (b) Magnetic lineaments extracted from 1000 m upward-
continued RTP data, (c) Rose diagram of the lineaments of 200 m upward-continued RTP data, (d) Rose diagram of the lineaments of 1000 m
upward-continued RTP data, (e) Structural map where lineaments from 200 m upward-continued data (black lines) are superimposed on lineaments
f‘rom 1000 m upward-continued data (red lines).

features within the study area. This study demonstrates the significant potential of the integrated approach in enhancing our un-
derstanding of regional geology and can be further explored to refine structural interpretations and improve mineral exploration
efforts.
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